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PROBLEM TO BE SOLVED: To provide an effective 
method for forming an dielectric layer with high quality. 
SOLUTION: A plurality of sequential processes are 
carried out in situ-state in a single-wafer processing 
chamber The chamber shows a layered gas flow in 
single pass form for providing safety and clean 
sequential processing easily. A remote plasma feeding 
source makes it possible to realize a wide process 
window and the sequential process at the same 
temperature. Then, a shifting time for a thermal lamp 
between the in situ steps can be made short. In an 
exemplifying processing, extremely thin interface silicon 
oxide, nitride and/or oxy-nitride material are grown, and 
then a silicon nitride is stuck in an in~situ state. The 
cleaning, annealing and electrode attachment are carried 
out in the in-situ state, so the shifting time can be made . 
short and the reactive time is not diminished. 
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OX^r-UV^RgWti. ^il[ElKO«^$92 nm^Ji^ 
^V^^^y^RAM (DRAM) InlKrtO. <fc 0 
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a Thin «3nni) High Quality 
N i t r i d e/0 xide Stack GateD 
ielectrics Fabricated by 
In — Situ Rapid Thermal Pro 
cessingj. lEDM 97 (1997). p 
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1 4 0Tti:^n^nEs^nTv^:5fflv^a®^#^s en 
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Co 0 3 33 iBSv^g^-r:/oftp^g^i 3. 1 40^ 

nri^^^^^iz. 3. 14. 1 sto^^w 
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Co 0 3 7] c ciz7r.tmmBmT\ tSim'^yv^it. — 
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40 2 43cfct;AP4 otce^So AP5 4(i. 5^— ::^:/x 

(Hawk i ns) mcWij-^tirz^mm^m 5 . 22 
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iSSS^yp^ (MFC) ^3J:t/#^iatt^cl^:6'«T#. ^ 

[0 0 4 3] 'i7x-/^^i, *y^T»yr^StCj;oT. 
^■f) ^^^Xn^y h 5 2^iiLT5t^n^C^:ib^$?^L 
*S1tfFm4. 8 2 8. 2 2 4#Ji:Sg^^nTt^S 

[0 0 4 4] fiaj;^tf 2 0 0 n >'N^fias-r^fci6 
ic^fi^ti/ctSimS'^x— /N-ya-bx-^-i'^/^l 2 
<0±Wmnm\t. *U3 O U ^y C 
b<. cfc^3$?^L<li*1i2 0 U ^y h;l/*5iTfel3> St* 
Sf^L<(i$1]l OU-y h^l/^iST-fe^o S^^n^^-^'V 
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s) . hu^DD>^^> (Tcs) . mm^mmf^m^ 
li. ^mm^mtLTma^T a (oc2H5)5^ffi}t 

[0 0 5 0] s^sfgioii. h*-^^>hm^m mxif 

^(D^(D\^^mf&mm (^j;^(f h c 1 m^ms z^mm 30 
af§^§§6 otzickD^i&^n^NFs/c 1 2 (la^-t^ 

^LV>o 05^Lj5:V^*V K— tfV^^fctiS i GeJ^O 

[0 0 5 1] ^?)tJ:^*rv— X • :ffXKl±T>^:^T 
(NH3) «*&?®8 4A^#^n. cnti. i;^Ttc3S-<;5 

^-r^c i>^>et*&ji8 etjifii^n^o ssffi^^s^T 40 
ftj^n^cfcdtc. (s i H4) . DCS. 

J:t5TCS:^#t?i/^>{^. ^{t>^-r^. ^m^-cit 

[0 0 5 2] ;?7X«*&i®co^n^nti. • -^-TV 



rjit^mzummmumm ( tmfcj ) ^/tlta 
□ 5 4 (Ml) icmmr^ctti^T*t^fi\ cniE>ii^^ 

X • ^^^^^l/TtSiJ-rsfe^DTfeSo :^o-bx • ;ffxti. 

(lai) t£:et>»3. i£A§§^aLT:/n-tX • ^•vv^'^ 
1 2tc^E^tl^o :^o-trX • 2^3SiaLfc 

t^. ^J^JZ^co-fu^X ' :^^X45ci:r5^«iDJSjSiiJ3fefig4^ 
^&X^^A8 8tcSftBLT^i^±feg^;5:SS^S«SL. 

[0 0 5 3] ±ieiSi;/c:ii£3ft£0;?3Xfi±^ai^3cfcrfffl»M 

F*g^?)Sn^:^^X;&^^^H±. CCDit^;?j^X(iSjSi^et«& 
ig6 3A^5»OJ^j£<*Buffi!aHi&#A.Tt^^o T^U^- 

2tcrRl;b-oTjltfnSo «*&M6 OT^g^LfciSea^O 

t-AO> MicsiS-r^o J-;^To-fig6^;&:/o-txo%^ 

[0 0 5 4] (-f >i/^:a5a^) MSlt. *^BgtCJ:^ 

^^tsm-comm^mmcLT (i oo) . 

fen. j;(Ttcai^;g>^ffSfiiij 1 -^4 40=^1/ 6 ti. ^^Dct^ 

^fie^l^Oe X s i t u5tJt^^»?AnTU>So e?»Jx.(f'> 
x-^Nti. SC l/HF»>x*y h -X^y^^^.^^^y^ 

f^T7f?^tc-rsc i:*^T^^o ^Si/^tiHF ^S^^^— 

ti^m^tm^p^^o tKo/)>ojSffi#ijTti. sc IX 

[0 0 5 5] L^b^L^fgB^^-ag^tCcfcntf. C^x-ZN 

(o^mmmt. mmi^^^M-^'^^ (i i o) tu^c 
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:/^Xx'«*&jg6 0 (02) Tfg*Lru^i/*;^;I/^Dffijtt 

[0 0 5 6] >(^7.i/'^zL (ex situ) Jfi^fto 
Ot^s S^±tc^ffi|gmf*;^figS^-i±;5, (i i o) o ^ 

[0 0 5 7] lUTFconmm i - 4 o:>mmmmr\ ^mm 
ti^-DTmKDmma^mit. s i ox. si ny. ^rzits 

3S: 7" o -t X t c J: o T Ji^ fig -r ^ C ^ ^ T ^ ;S o 
[0 0 5 8] Sim^fiES^-iirfc (110) tS, T^u-t 

CVDtCcfcoT^2 0^mJlO{^«:&fT^ (12 
LTS^l 0 OTJ^^l^TfT^ Ci:>^'«»^L<. <fc!9»^L 

<i±*ti±5 0°ci:irtTfe!9. st>»^L<«*g±i ox: 

J^LT*52 0 0To r r J^^F^g-eff 5 C 2:::6^Sf $ L < > ^ 
'9»^L<{±S?I±5 OTo r ri;^I^Tfet). SfefiF^L 
< m'^± 2 0 T o r r t:^[^Tfe^o ^N^n^UffimiT 

tk. ± 1 rt(rt4oJ:t;± 1 T o r r tirtT^fky-r^^ 
fi¥^n^o Lt-L. 5^^n^^iS§§i oiiffinfcrgjg$ij 



[0 0 5 9] ^s-^tl^mmm 1 -3Tii. ^mOfiScS 
X-r^yrfccfca'Max-T'vT^ti. 
*!J7 0 0"C-8 5 Ot:OP^OraSTfT9 
<. cfct)ff^L<ii*^7 6 OX-8 0 Ot. Mtj??^L 
<(i*U7 8 orT^&^So :/n-bXft30EE*lti. ^ 1 T o 
r r-8 0 T o r r<7)raJcjt}f-r^L:^*W^L<. cfc 
10 0$f^ L<(i*5 5 0 To r r T^^o USS^O 4 T\ rSJ^ 

ti:. wMigm<*ofie:^i^'o^^7 8 o^jb^^. mmmo:>M 
^mmii^coi^m^(Dm 4 5 or^ciST-r^o uss^jst 

o'CT^ffis^m^fiSa^'^. ^otg. *ti6 5orTg 

oi^m) ^^zfwmm^ c^^moitm) o:)±i^^mL 
fzumit. $ij6 0 ox-8 oox:<orsizmt^'r^ctt'^ 

iff^L<. «i:D»^L<ti«t)6 5 0"C-7 0 or^OP^T 
20 SO. gfeiff^L<^i5^56 8 OtTfeSo 

[0 0 6 0] m2(Dmm{^mit. mmm-bmit^^m^ 

(Omit. ^mv-X • ;^"Xi:y^^V-X • ;^-X. »S 
b < iiT >^^r ^ >0 C V D ^jjrac ci: o T?Bfig^ 
n/i. ^ii«^fcti:f5f?^I^MOMt'5r-Y^il (S 13 
N4) ^#t?o Lfc*^oT^2 0^t±. >'^UT#14. 43 

30 mtmit^>^)V (TazOs) ^#CySim<*X^'y^;& 
}i#tL. ^OI8ffi^ti:2 0 — 4 0tct>fc:^^OTfe:5o 

^mmt^^^^-^^. ^-^^^i^^mmo^ammmrz^ 

[0 0 6 1] mmti^^i^m^'^rz a 20) mzco 
mmi^m^rzi±im^^rzmm»m^iiMmnTY=^- 
;bLT (12 5). c(Dm(DShn^mi!b^o nm9i2<D 

M^figTti. (12 5) icmitm m^i£N 

2O. NO. O2. O^iyioM tmi^-^ri^o tE^lcm 

o:>mmmf&r\ r^-^b (125) it. mitm 

NHs. N2. N-^v^;^;!/) tc^ 6 Lfcfgtc^fbS^Jtc^ ^ 
•rci:%#tfo ^SS^J4Tti. Ki^m^OT a20s^A^ 

50 [0 0 6 2i mm^mtm<mmmnY(D. ccic^.tR 
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2tc|?!{S-r^>'NVKU>;7 . 

[0 0 6 33 03ti:^*rJ:3l-x iim^{^#^-d:fc 
tt. aS^ffM-r^ (1 3 0) o ^ffi<5!ll-3T\ 
itVyyiyX^ ' V-Vnm^^^ (I^4A#Hg) . — 

^ (130) C^fe^ffjTfe^o L/cTb^oTtiTOfiBJ^ 
[0 0 6 4] LfcA^oTia3lCg^-rj;'5tC. ^SSISf* 

o^g (1 1 0) ^^xs'm2(omm^(o{^m (i 20) 

»>x-/NiO?f}^{t (10 0) . (1 2 

5) . ^^xswim^ (13 0) tDi/>-rn7b\ sfcti^ 
[0 0 6 5] *0^^»ici£at-r^-r>>^^^fflii:^tT-5 

2 51SO»>x-^^;^^SLfc^i^e:^T^tfi:u^o ^S6<^J3 

N X ; I/- 7" h ^ ^ ^ eft # f ^ C ^ T # :s o 
[0 0 6 6] ^Stc, l|}a4[lS0fy^.;gr^-v>>'^0?f?^ 
(b^cfiM-r^cii^iT^^o ^■V^v'^l 2 (lai) 

HC 1 »^U<ti*55 0 0*C:6^^8 0 O'COr^OiS 
fiT\ ct:*5j?^L<titu0^x— /N^O-r>i/^aMS»*' 
oyn-trXSa^^5{?[W|i:igjgT% ^x—^'n^^ x— 



yti. j^jssi oo«^s^. ts^jsmmm^m^mi. 
[0 0 6 7] y-r^. mit^-rm. mmit^^m. ^^s^ 

X^. 2 0t:;b^e>8 0 O^C. i?^ L<{i5 0 O'C— 8 0 

micBS^^^^j:l^^t} (C^OT'n-trXTii— fiStCO. 
5 — 5 T o r r) T'^T•9 C So NF34oJ:D*C 

i2ti. asiy^xvfg^se 0 (1^2) ^^mti^t 

*t;8 5 0W£D'x''Y^ajSx^.;l/:^^---:&Jjn^;5c^ 
ti:J;oT^gt-r'So :^SWtCti:2 0 0 s c cmCDN 
F3. 4 0 0 s cmOC 1 2. :j3j;tf 4 — 1 0 s 1 m<DN 

NF3 : c \2(Dm.ncr>a:^^zs^&^mn'r^ctti^x 

:&j3V>-3^-5'OI¥ffl3b\ Xh (S u t o) ffiO 
THighly selective etching 
of Si3N4 to Si02 employing 
fluorineand chlorine ato 
ms generated by microwave 
dischargej. J. ELECTROCHEM 
ICAL SOCIETY. Vol. 136. No 
30 7. 1 9 8 9^7;^. p. 2 0 3 2 — 2 0 3 4^. X^ 
^yyy (Staffa) i^co TSelective r 
emote plasma etching of S 
i3N4 over Si02 at elevated 

temperaturej. ELECTROCHEM 
ICAL SOCIETY PROCEEDINGS. 
Vol. 9 5-5. p. 2 8 3 — 2 8 9^Cii«;^nT:|3 

lame 0 o'c-s 0 oniDr^mmmx^-rm^^zss 

40 {f l^^fcO 1 0 0 nm— 1. 0 0 0 n m) o 

[0 0 6 8] (CT^&^^&yn-trX) Wl^&^^&r/o-trXtC 

i^) 'bWs^tircm'^itm±2ox,(Dmm^^tsct^m. 

Tor T comm^-^tstmts^^x&^o 

[0 0 6 9] (y-h^m<*xi>^y^) mmm\-3^ 

nicm^^mmt^x^ ^^«!^E■rs:/o•fex^c■^u^T 

50 [0 0 7 0] mA k^^xsmA b«. "tco^or^mn^ 
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■To SfN^n^nfflmiTJi. fiffi2 0 ot±msB^^>'j3F 
> • '?x-MO±a5T'«fi£^n§A^ mm^rjiP,^ ceo 

[0 0 7 1] y-h •X^^y^2 1 O^i^SSi/'Jr^V 
ti8iH2 2 0^#^^. cniiffJl^X-^— 9-2 3 O4ocfct5 
^^^y:/jl240^«iA Tfi£St(7D¥i4Tmffi 2 2 O io 
mi., t^-oj^m-t^o ^fi. ^ISb^>'U:3>2 2 0±tc 

-/N^ftoh^vv^x^ ^ ^-hm^m^ff^m<Bm'r 

[0 0 7 2] tiTJc5E^S<5iJ^W^:/n-bxtcJ:-3TJg 
^^tlfcy-hKaft2 6 Oti. y-h®ffi2 2 0^S 
1S2 0 0:6^e?l^gtt-o ±lSWMO-b^^>3>'Tai-^Cfc 
^^ic. y-h^®<*:2 6 0(i. ctt)ffigBJgTJ:l5lJS 

[0 0 7 3] ^4 B(DiS:±mt^^m^&<iDt^:^xo 

2 0 0±tCt±|^Di|^m^2 6 2*^il:gfifei^tl. Cti 

itmm{t^ ^ xs/ $ tz \t m\L\z ^ o tj^^ ^ n ^ c ^ 

Sf^LU\ W®^mS2 6 2±JCtill2iOSim(tH2 

[0 0 7 4] ^$n§y-h«3ft;&fg^-rsfi?y^ 

[0 0 7 5] 

[^SSWI] (Hfigfi^J 1 ) 11 6 ^#F.g*r ^ i:. m 1 ol?iJ^ 
W3S::/n-fexjCckntf. ^jl—^wx^ ^-rs C 1 }S-»^^H 
Fjs^^Tex s i t Mm^-^^mm-cx. (4oo) . 

3S:*>x-7N • >^N>K^tc}g^^nfc^iS(Oyn-trX • ^: 
[0 0 7 6] :^^tC^x— 7n;^^^LI>JSJS^-\->/^ 1 2 

(111) F*9tc^AL (4 10). y-h#^r^i::g)o s 

JS^(i. '^x~M;^^A-rSi:#tC (4 1 0) *tI7 8 0 



X • ^-^^y^rti^^S^S OTo r r STTA^S J: -5 
:^TStaL:5:*^iB«>x-7Ngft;feSStC-rSo 

Sf^-r^r^. ^^^^UT • TtjTx (N2) ^gt-To 

[0 0 7 7] :^j^tc. 1 5 s 1 mON2C>}5Sti^*SJf L^Q: 
^)!%;S:NO^{b&J;^'XhS^^ns*lJl. 5s 1 
mcONO;^^X«:agA*rsC^tCJ:oT. Wmk{\LV^n:m, 
fi^^^ (4 2 0) o {tMi?DS{t?PJ;^^X 

(0a^(fO2. H2O. N2O. HCOOH. HC 1 O3. 

5o ?SS[fc<^U^BE:^;(i. *1]7 8 O'Cfccfctf 5 0 T o r r 

f?I2 0#TSS*>€»K^fk^-r^OS7b^^gLT. *5 

0. 5 nmO/p^tc:&^o 

[0 0 7 8] Kft1%^/c(iK^ft^^:&filcS^-li:fc (4 2 
0) NO:^fX^08iin^±46. N2;&M^figicS5*r C 

*y:/ti. ^ir>7^ftSiO*^2^J:D^^l^S07^— 
:tfx:&:/n-fex - ^^>7^rttcgfit-c^:^#tfo 
^^•^>7U 2 (^1) T\ ;i4:«ti:iSn^:j!5'XOfSS^ 

fc<J:0^ll2O^^>7^lci>x~7N;&5^3|-rSL:i:tc 

[0 0 7 9] m\. 5 s 1 mOTV^-Z (NH 

3) i3i:tf 1 5 s c cm<?)->'^> (S i H4) ^SA"!" 

1 8 Or:foci:Z>'5 0 T o r r tC*6J$-r^o T>^z:r^3 
Jctfs/'^v^^g o#P^atL^^t. SS^ffiTJS/S^-ti: 
Tf^S^H^: (4 3 0) . W^%%Znm<J^mc^^m<r>m 

•feXtCctoTflg^^nfc^fkJ^ti. ^OSf/T^3b^$U 1 . 
n^^mn&^7r<t. SBjSOiffil-ft^at&fi^^fe S i3H4 
[0 0 8 0] ^fty-Y^OC VD (4 3 0) '^x- 

7^;&gsit)^iL (4 4 0) . fTLu>»>x-7N^^A"r^o 
jsjs§§(i. SA/iJtti Lf^^ti:*^ 7 8 0 x.xzmm-t^ C ^ 

7 8 or^i^-^^gje^^ffltcfsfcn. cio:/D-fex4'. 

J&^t/tc'i7x— 7N:Srffijt)/±iL (4 4 0) ^b^oJfrLv^'^x 
-/N^^AT^S (4 0 0) SStO^>yfcj:tfS 

[0 0 8 1] CCtcti^^;5:v^^\ *i55!$^^ft^-r^® 
%S?Otcfi£g$-li:^^^ (4 2 0) . fiEg^-t^:rcKfb^ 

m^"^^ (4 3 0) o m^li. T'V^^Z^fcCiN-^v^ 
;b;l/^ffiOSlS*5l^LT«A-r^c^*^T^^o gUOffi 
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[0 0 8 2] Ltzt^-^rmim (^rzimmitw 

(4 2 0). ^{t:it^^f^a^H±^ (4 3 0) 

2 5ij>5ic^TfeSo mnrzi^mum^^uv-'t 
(4 1 0) m^m-r^i: (4 4 0) o±<4:osja^ 

SA-rs^O (4 0 0) S®0$S{tfe#i6T«?I 

2 2 0?$^?ST^^o 

[0 0 8 3] ammmz) mi^mM-r^t. mzcom 

^fi^Syn-bxtCctntf. «1S^. S C 1 m'PHFmrj: 
EIz^-dX ex sit utt^T^«?f j^-rs (50 
0) o L^^L. JSJS^-\'>/WO#AOfSti. ^■^'y/^ 

ip.^>';;^7^A^$^9 0 ot:-eMM#afe-rSo '^x-^'n 

(5 1 0) S^fiiSjS[%*?J9 0 0'X:iZ±if:^ 
i^^^. V/^£Etl^^5 0 T o r r tCgg^-r^c N2 
:^7sXUf^< H2;^*X*. *5 1 5 s 1 mOiiST^-^V 

Hzti. N2 J:0^>M]g^ia<T#^Ci:3b^^3pJTfe:So 
[0 0 8 4] *:0^ffl#£Dgfl5^*^^aft?^n^cfc-5tC. H 

GmbH:b^€>0$f^H.>TR-8 5 OT-Y ^n?3g^^>^;b 

2-5To r r) ff^m-^tl^o 
[0 0 8 5] 7j<^^-^5 1 50t^. mtl^1i^5 0 T o 

t^^mx^^y^^f^fig-rs (5 2 0. 530)0 

[0 0 8 6] i^a(*X^^v^£DfBfie (5 2 0. 5 3 0) 



m^tz'i^. "^x-zv^s^^? 8 ox:3b^e>*^9 0 o*t:ic± 
#^-t^ (»sbi/^sjS;§§oii#. o#:^§-^-r) . 

Z-~;b5 3 5^$1]6 0#P^^T^Ci:;bW^H/>o JSlS 

g§o^ft?^aii£^*59 0 o^TgEtt^*^?>^7x— 7NJ?-gj 

'9ffi-rc^ (5 4 0) bfc:b^oT. "Sl^ 

^x-/N^IXOaiLTgfLl>'>x-/N^^X-r^S. M 

10 r--;l/i^ (5 3 5) . MitM Cm^iSNi 

o. NO. 02. o'yiyti}]^) m'it>^ic^^'^n^o 
[0 0 8 7] 7j<^:/'j --s-^^ (5 15). 

(5 2 0. 5 3 0) . ^^Zf^Xhi'tm^mT 
(5 3 5) :^^t?m2 0f9lJ^W^^>>>^^:/n 

[0 0 8 8] (IISSWJ3) ms^mm-r^t. mscom 

20 ^6g^>^o-trXtz:J:ntf. ±aiiDllfigff!1 1 ^fcti 2 (H 
-t± (6 2 0) . Mg^-t^^ (6 3 0) o L*^L. 'J;^- 

^N^^i^^^m-r (6 4 0) Butc. simtt:x^^v'5^±frc«« 

ii:^^>>-^^miT?f^fi£*r^ (6 3 7) o ^^n^^ 

fiSmiTti:. 0 4 AJ^ia4 BOy— hSSsiS 

2 2 0:^^. ^Sfg^5^Un>'^fc(i>'U3> • yyl/V- 
'^A (>1<U S i G e) ^D^-hm^^^-^tfo 
[0 0 8 9] 7 S O^CTmim^im-^'^rz (6 3 0) 
(^/cii;}^Xh{^«T--";l/) . Nz^fzltHiCO^^- 
30 i;^- :^3X^8itLS!t3-:&*'«6. '>x-/N:&*tJ6 S.OlCtC?^ 

ait"^ (6 3 5) zttm^Li^ ^mmiz^i^ti^^ 
ate. coSjgiBHrto/^aiti, m^i£i, loor*^ 
p> 9 0 0 x.\zr^^r^m^^ztt^x—mizm\ i^tzif^ 

oT^^ai (6 3 5) -i^x— /N^^^fcV^^-W^^liO 

-7Nafi< izm&-t^ CtlZX-DT. .mi/^TfT-p C ^^b'^Sf 
^LV>c COi:-9tCffl3l:^-r>v'^a.?Sai (6 3 5) (O 

&^Li^mm^^uyjmf^\ 1998^9.^1 oatcm 

gl^n/cMETHOD AND APPARATUS 
40 FOR FAST COOL-DOWN OF SEM 

ICONDUCTOR WAFERS tl^v^W^cDmm 

^so3itsmgimo 9/1 5 0, 9 ssmrzm^^-iE nr 
4d t) . "tcom^s^mMiz^ t) ^Bmmizm^j2^tSa 

[0090] T^W (635) ^IzNi/^-iy^mmT^ 
t'B. *^350scc mOi/^ V;$r#Ab^A^8N2 0 

ssn^i^ji 5 s 1 mtc*tf#-r^o i^iy^^xoi^miz^-o 

*^5 0 T o r rtCjtJf^nSutt. ^&JS:i$^6 8 O^TtcS 
StCiS/cnSo m 1 2 0#t^F*gT\ fP^*^*5 1 5 0 nm 

50 o:>^m^Biyv::i>mmmmifm^ti^ (6 3 7) o 
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3 7) (omcmm^jimmmzh*-':f^ti^t\ -oi/^ 

8itntCiP;tSt:^;b^T^:5o SU^DEMffifiKTti. Hz/ 
S i H4^ISg>'Un> - :/n-trX;^fT?fcA6tc. 

[0 0 9 1] toimMmmmT-ii. ^"-h/simo 

#l)^tf . *5 1 0 0 s c c m— 1 , 0 0 0 s c c mO 
y;l/v> (H2ff3 1. 5%) (DMti^iy'^XOm.tllztU 

^6 5 oror^tc*iif-r^(ih*^$fSL<. ^K>itf^L 

<t±*?J6 0 0"C± 1 5t:TfeSo m^tl^^V S i G e 
M^ioy^l/V— Jtll 0%— 6 0%Tfe 

So 

CO 0 9 2] (4^^>''?>'i$?Simi*X^»y ^) g|9^#M 
[0 0 9 3] 1^5 A*5j:tfia5 Bti. CCOXo^mMiii 

■fc M<*6^tc> ^-\'>^^>'^3 0 o(±. mmmcith^y 

^■V^-^S/^OilO^gX*)®^. Tgl3*&Si^^3 1 SJ^^S 
IfSn^^^h . y^^*3 1 0tci:oTli^6<j;5:g^^;6'« 

^gfig^nso y-^^s 1 oti. ft^wtc tidies i^u 3 

Co 0 9 4] 3 0 0(i. h - 

CO 0 9 5] mgB3 3 0. 3 4 Oit. ^^^^^iy^mmt^ 
3 6 0tCJ:oT5i^S5tLTV^;So Sai?l553^B^TS]€>ns J: 
51Z^ ^^/^iy^mmi^3 6 Olt'f^WT.cOtim^M. 

ma^om^ijmmmkictmL. ^m^^^^>i$?3 e o 



Co 0 9 6] 0 5 B>b^^a€>a<t):6^ScJ:'5tc. 
S^^^^v'^SiSf*3 6 Oti. 
t::t±z:aHfi|it;&^i?o ^ l 3 6 2i±. TSP 

mm 3 3 0 ±^ciEs^s^ . c nitTi^^^mm 330 
e ^ s c ^ A'?5f ^ L I > (gy ^ imm{t:$s ^ is/ 

^fctigfbCckoT) o S2 0Bim(*S3 6 4ii. Si 

oi^mii 3 6 2 ±tc ii}ga;& . c ntifk^stafigs 

cfc o TfBfiSt-r S C i: ;b'ij? $ Uv^o 
Co 0 9 7] ^mmr^^. mi&(Ot^v^^^XS\:ATlz^^ 
10 syo-bX*^^. TgPffl1l3 3 0:6^. MWl^tl^fzit^ 

^^^^^iy^commmxit. ^m^^^tz^nti^^icm^ 
iH^^wt'^^^^c tizwm^tirzi\ ^m^'^rz^mmim 

So 

CO 0 9 8] ^^tc. ^;^nS4^^/^>tS?Sim(*Xi57»y ^ 
3 6 Oi&^^J5ic•rst?!I^W^7^i^^c•^^/^T. PiBlcM^ 

So 

CO 0 9 9] (^s{5Wi4) mB^nxsmM-r^t. 

So ^S£fflJl'-'3 0^^i:Pl^tC. -^i-^N^ex s 
i t ut«e.^T^fii}f}^L. $1J7 8 0*C*3j:t/5 OTo r 
rtc^^^nri 5 s 1 mON2}b'«8StlTl/^S^-\'>>'^ 

rttc^A-rso 

Co 1 0 0] L*^LMaiCO^SSWI^ti:J4PS65tc. '^x- 
/Nti. ;?«^U • -tr;!/- 4^•\'^^i^^>fflOTSPS8i^iii^•r 
S.«^T^A6^^^Lfcc :^^v>Tll:^g®:^f^tc J: ^)^fk 

s (720)0 

CO 1 0 1 ] S^iKfl: (7 2 0) <D^. S«iDrae|:&7 8 
0T::6^8 4 5 ortcTtfS (7 2 5) o i::<Tti:#EBtc J; 
D*fi^iAt?*gmgRmO 9/1 5 0, 9 8 6-^0:?^ffi43 

J:r/^ijgt±. ci^Dcfc^^-rvi/^^j^ai (725) %g 
^tc-rschTb^iffsn/^o 

. CO 1 0 2] ^O?^. K^ft^SiSi^e:. $?^L<tiCV 

50 '>^:iR^Tf^«^-i±s (7 3 0) o m^lm^t'!r^m 
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mmm^m^wt'rctic^r>rmit^>^;iy (xa 
2O5) ^B&t^o mi^mat. m^i.<m^\ eox: 
imt^-^n^mitm^MT a (0C2H5) s^^slti 

"ttitmmic. w^L<itmi^m m^i£] 5 s 1 m) 

(7 3 0) o 10 

[0 1 0 33 im^iks mtmm'^^^^^himmtTr::^- 

fly^mW-^n^lltti^ttf^Ll^ (7 3 5) a fcSBESM 
figrfi. 2UJi[^{^^SJi[:6^^*?I7 8 OT:tC±#^-^. ^ 

^i7)23f[n^$^3 o#p^*if#-r^o ^(Dm.mm^Tito'y 
T#Scfc5^c-rs (7 3 5) c mz^^Tc^oic. mit 

TZL—}1 (7 3 5) tCctoT. gim^OajV^MOggfi*^ 

[0 10 4] «i7x-/N;&®?omb (7 4 0) T 

^¥<^S{t-r^J:-9tc. SiStl0^ft^jilte^$tJ7 8 
OXlTm^frjif^^^^^thrct (7 4 0) ;b^^fijTfe 

So 

[0 1*0 5] ^4 0^J^WjS:yn-tX0it^. (7 

1 0) (7 4 0) ^T(Drs(D±i^:^mmmm 

It. h{^a7'--;l/fe#i6T*^ 4 0 0#*ffiT£ 

So 

[0 10 6] (iSPiy-^Xvigiiii:^^^!!!!) lXT<Dmm 

ms^xueit. 0 2tcBiaLT±fga!^/c. itray^ 

a A^fjA^ns^ s ^ :^ s ri^iso s ^g/J^ 
So -<>'>'^^:/n-bxo^i*;&)lLTffi:tj^*SJt-rs 

Mtc*>*>s^r^;b^^/jNRgtcffli^8n. ^fz. mm^^zs 4o 
^nSo 

[0 10 7] :^^m(D-mmic^tii£. m}^^.^zfmj£ 

X • »>^>K»^;l)'«£:6^So CCOfzlsb. ffifflfSy^Xv 

*5j;r>'l±^^f4^;&fiJffl-rsci:*^TtSo 
[0 10 8] y^XTtiigti, CVD^^Uit^J^y^ 50 



*iTfesci:A>j§iaTfeSo m^cco^mit. mmr^m. 
L:^mm(Dmmmmi±. mBLTzit^m^y'u^x * ^ 
•3T^ggjc^nfcssiitt^5pjffl-rso m?iis. mm^rz 

ya-trXigg^r^ 2 coyo-txSjgtc— a^-i^Sfca6tc 

^o}g]ir^wsd:-5icissi-rsc^*^T#. ^nicj: 

oT^Sii:^^5a^*^oJt^tc:&So Ltzt'^^r. ?Sa^> 
:/^r^^^lS-r S C ^ ct o T^{*6^:S:^P^OlS$tJ^II 

t^. :^'r-j':/mr^(Dnm^rzitnytm(ommt^^<ts: 

So 

[0 10 9] yn-trX • ^>r > Kt7^j£tf T^Vv'^n 

saa^SEjc-rsfte. i&m':f^x^ commit, f-hm 

^M'>^'l^SC ^;{)^pI^tc;S:So 

[0 110] ff!ix.tfMby>r^coc VD{±. se3fc. tm 

6^^^tv^JgTO. >^^nniy'^> (DCS) ^^^OJffg 
ii'r^mm^^MtT>^::LT (NH3) ^HOS^^ 
^«*&iIgi:OSlS:^<¥-5o S.^^3b^P>> mmi^miz^K> 

j2:.^tirzmm^^wmit. mzm^jSico-^mmmm^^ 
mm^m^^j:^- hmmmzmmi.rzm^. m^^mz 

[0 1 1 1] i.f)^Lmmm5Ti^^-<^xoiz. asi:/^ 
x^^^mmt^ntiz^'or. i^m^j&m^rzitmyjmz 

ti^smz^^^ N^i^ij/v^mm-r^ctiz^-DT. it 

.^x:t^;l/4^— ^MgTL. Lfzti^^T S i Hilt, iiino 

jf leitD c s Titrj: < y>r^etf^i® Lxam^^ c ^ 

;6'^T#Scfc5tc;&So -=^^0^;^. NHzCDiXtD^lzm^^ 

Ltzmmm^^m-r^ctiz^'Dr. inm^^m^xm 

iZl&M'^^^Ctti^'V^^o Lfc:6^oT. fif^cDCVD 
J^fSifel (S i C I2H2 + NH3) ti. tg^^^S-TTk^ 

^^ao^>:&i>sisi^ (s i H4+N) tcH^s^^n 
So mmmtjiP^mmt^^oiz. 7j<^#wfi:^)V>^<^ 
s^. p^s^SoTu>s^mi*rtc»snfii5fi^M^i^^-tt 

SCh^'^T^So 

[0 112] ^ ^tc. jE<1t^^ya-feX^^^>>'^^ 
S^OJ:-9^5:4 0tDyn-trX (SA/SJtfcl Ltil^O 

^j^L. ^oo-^cDs-zu-^xit. mi&mm'^mizmiR 
^nso iifis<?y6(i. llIa:;*^T^ns^^Dct^35:3o^o:/ 
o-fex (^A/ijaautii^o ^^j^L. ^0-5 -^to 2 
yn-bx^^siest^Mffltcii^^nso ^mmrj:P>^ ^ 
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ear^ O fij y n -fe ;^ ^tTU ^ ^ fc ^ O^tc :/n -tr X 

^fT"3 C^tCctoT. S^tC-r^C ^;b'f-e^'So 

[0 113] (USS^JS) :^j^tcigi o^mMir^t. m 

2 (HI) *^e>'i7x->'N;&B^Dm^C^:S:<|Ii:j^^tT^ 

m^^umm(D±^i^m^j^^mm't arable, t^-omm 

«fcD»^L<t^$^6 5 OX-7 0 0roP^T\ «t>$f^ 
L<{i*?J6 8 orT. i?f$L<li*^l To r r-8 0T 
o r r or^OfftlT. ^ t) »^ L<ti:50Torr OEE 

vMS/^^^-^5?o$t± 1 0 o*t:i^i^-ef^a^-ii:;5rci6 

^^-^ti. *?J±5 0rJ;^F^lc{SochA^j:»9»^b 

<> mi.B^L<im±i ort^F^T^^s^o is^Msa 

[0 115] ^Ui6tz:. Safl^nst>x-/N;^:/u-fcrx • 

^•\'>/^rttc^A-rs (8 1 0) o SiS§iti*56 8o'x: 

T^^^^^l^L. L/c7b'^oT^-V>>'W*^5 OTo r r 
[0 116] (8 1 0) (om. itfmL<imBLrz 

r^fb (8 1 5) ^tT^o ^^n^nfismiTfi. 

^n§i:-5ti:. ffit^0ja^^:7>v^V-X • :^'x;^iSfi| 
y^Xvfg^fgeo (EI2) Jt«*&L. •^CT^:t>fh: 
x^.;l/4^~^gtt;5Ch;b^-e#^o ^J^tf. NFa. H 
F. F2. C 1 F3J5:HtiCO^^t§rtTS^tC^ft?LT 



4^;l/4^-li:<toT. +5^3S:F^t/*;^;l/:&fi^^-t±:s>cli: 

m^umi oA-i 5A) . ^titmmizmm^^m 

10 [0 117] g^^{l:MO^IItci;:sif?#^{t:§rrRj±^^i: 

HzV-X • ;^-X:gr««&-r5cli:*'ST'#. ISSBLfcTk^ 

S^7j<^:;?3Xi:Ota?rf6^:S:Sti. mi^ft^mc^o^o 

asLfcTk^aotai^fw^sii. jsRit/^xv^^gge 

0 (^2) P^^^il^Tk^V-X • ;^7XC)gfLfi:fectr/Y;^- 

20 [Oil 8] mmi.rz{t^mr-mmz-r^rs c& i 

^Ll\ m^lfN2^^p^l 5 s 1 mTgt"rci:*'^T^ 
5o ^^^•:^7;l/^SJcJ:SJf}*{t (8 1 5) [i*<33 0#ra 

[0 119] T'-^XvJfi^X'r^yT^O^. Wffil^m^D 

^5 (8 2 0) *^^<o ^(Di\k(om.mm&x\ cco^m 

<J:^*^7 8 Ot:TO|^^{k:^#tfC^;b'JT^^o bTb^L 
30 SAL. fe§v^tiO'^>^::0;l/£O^JcN'^i^*;l/^#A 

5fefT*rs-r>>'^:iXT-*yyfcJ:tfm3Bc 
O-r >>^^ ^ Xx cfc ^) iSf^f < i: -5 ^ 
[0 12 0] ^m^S (8 2 0) (ijf?^ 

ffl y -7 Xvoain^igBf -r c i: J: o T^3^^ 

ly^ti^ Ci^m(Dm<tXr^yyo:>rzisbN2tm^L 
l^) o 02;^'Xti. mmy'yX'^^^me 0 (112) 

40 T'>f:t>{t:^n. mBLrzmmmo:>ms^mnm^^c^'D 

{i> *^7 5 or«fct)^{S<*i}#-r^ci:A^»^L<. *5 
6 5 O'C-7 0 OT^OP^^fJcOffSH/^o ISmOfigS 
(8 2 0) ti*56 8 OtTlTac^;b^St»^L<. L 

rzt^r>r^ mmt (8 i 5) x^^-y >^i:^5 (s 2 o) 

X-r-yyor^TO?gjS^>X;^i£^Si:Li&:v>o fnl^te:. 

>/^ii*?J 5 0 T o r r icimt^ C tf^ttf^ L < . 
Lrzi)^r:>rmmt (8 1 5) X'r^yT'hJSgg (8 2 0) 

xt^ y -fttDmr^w^tm^rzitnm^'n o ^issA^^t 

50 fe^lHi. fRli:J&a*5<fctfjE:^jT'N2:?5fX^S1i{tLT 
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[0 12 1] fpl=^tC. (8 3 0) It^ 

(i. fiScgLfc^mf*±lc^fl:'^^^^f>fS^^S (8 3 

0) o mzn-Dtc^m (8 2 0) 10 

8 OXTfT^ C^^^j'^T^^o i^^y (S i H4) 

1 0 s 1 mo:>N2^m,'rctiz^'Drmm^iyt};i^m 

*&L^*'«6i^'^>^*5l s c cm— 2 0 s c c m«J& 
U c:n^*^5 0 0 kW-2. 0 0 0 kWO-^-r^ai^ 

[0 12 2] ^comcommm^'r^it. m^im-^(Dim 

[0 12 3] itm (8 3 0) tr7':/^^7':b^^^tC«^& 
[0 12 4] itm-^'^fc (8 3 0) ^{t^-r^i03S^^^ 

iSa6S/'ca6. Mb*SgM^omtc^lSil5^oyo-trx (12 

(gij;^tfN2 0) ^^t^c^Tb^T^^o tsaior/f^^A^^ 

mz N Af ^^tlz^^ Xi^mzTif^ c 

S^^n^yn-trx • yu—co^-z^lttf^G 8 0 

[0 12 5] 7r^'^ti^mimitm^im(DitmizR?i^ 
MSB t±m(ommm 4 izmLxm^.L^fc^oiz^ ^^e 

V --b;!/- ^^-^/^v-rSfffltDMUftXiJ^^y^tOSaf^T-ti. so 



Dizj:'DrMmmmtin^im^^^ctt'^x^. 

43.i:mt^O-Y>i/^iL:;^D-trXoyo-tx • ^-<>K 
»i7:^l£tfTT a2 05f^»tC>i:>ilh^n^fiSLl/^yo-trX 

[0 12 6] (8 3 0) (Om. 7S<t^o\Z^l^->^ 

=Lm^T^mmm^im-^'^^^hif^'X:^^ (83?) o 

mm^^m (8 30) ±t^mmm3\zm\.rm7r^L.rz 

cfc^tc, $^6 8 or^octtf 5 0 T o r rTOCVD%# 

tfV^^Sr^tyc^feT'^So ^tT::^n-trXl±. ^^^^^iy 
U n>;^{Tta^^^f^a605a^^{4^ti:-a-r ^ J; o tcS 

y ^ x-Ttia$^ fc(i3^Sic cfc ^ h^-f\zmm^n 

ffiOBW5^:^{tS^-^SfcA6^o:/n-bX • »>^>F»> 

[0 12 7] (8 4 0). 

/J^|5M^^:«3^^t^. ^fctiigg^VT'^o J:t>'iE;^;^ft:3b'«35: 

v>miT\ mwit (8 15). ^ffii^m^s (8 2 
0) . mm^i-^m (8 3 0) . is^umMi^m (8 3 
7 ) *^^T*ti 4 0 0 #*^tT^T^ 5 c tt'^mnx-^^o 
ainT^^ L fz -f^ xvj^is^^;&a A*r ^ c ^ ^fc o t 

[0 12 8] (^SSWe) :^j^tc[g 1 1 ^#Hs-r^^. ^ 

cn^tii^T. j?SLi/^timje'>x->'Njfiii^^>/u 
2 (^1) A>€>'>x-/N^5g!9ai^"riciii:^^fi^*Dn. -r 

[0 12 9] >^n-bXfi[»J«t±. MLuv<^p«-i5?gff 
:&Wr^<i(D|iHl?o:^D-trx:&3i*?"rsc i:*Wt L 

(9 3 0) *^^^jgH/V^5^-^Sf^;&^-r^o *57 
8 orO'i^x— >'Najg43ctt/5 0 T o r r TTV^-T 

*5o:/a-txti. $lj± 1 0 ot:i;(rt^3j;t/±2 0 0 t o 
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*5±5 Ot:t:irt4oJ:l>'±5 0 T o r r«[>9tcffi 

rcti^ctti^^tDttf^L<^ *?i± 1 o\:i;iP*gfecttF±2 

OTo r rimt'^m^tiftl.l\ S^fflSg^Scttfg:^ 

jEtiit± 1 t:wrt^3j:if± 1 To r ri:i\^icmzn^c 

[0 1 3 0] e X sit u}t5^ (9 0 0) ^^Tofc 

■r^ (9 1 0) o sis^^i^ 7 8 or:7:mnnm^L. ^o 
[0131] (910) (omznmmw^ 

O^S (9 2 0) ;^^^<o Ja**5J:Z>'ff:^j:^*tJ7 8 or 
:/^Xx^f|^i§6 0 (S2) rtT^:i->{bLs '^x-v'x 
*5 cfc N OSd^STIsiBt tc t fc m^Vc^^m 

[0 13 2] ra«tC. tSlgcOlSm^lf (9 3 0) ^Itl 
7 8 0r^3ctr/5 0 T o r r T±fBlliifS0y 1 ICKLTIB 

[0 13 3] f>fgbfc^{l:^>l'^0®a:&Sf46^fcA6. 

mitmtm (9 3 0) (Dmcmmr^-jv o 3 5) 30 

|^<o C<7)Z::i-;l/ffiOSJgti:ig7 8 or-e^fT-r^C 
[0 13 4] :^j^l/>T'>x— /N^B^OaSL (9 4 0) . :!k 

0) . mwm^m (930) . ^^xsmwv^T^'-)\^ 

(9 3 5) ^^T*54 0 0#7^?S-e{^tS^-^^C^*^* 

fijTfeSo ainTSi^LfcajEa;£:aA-r;schJCcko 
[0 13 5] m^.) ^yiy^=Lm^{t^ yt^t^^^n 



n ^ Rifigtt o ^ SHMtc X - >^ N ^ ^ e> -r c ^ 

[0 13 6] ^^[c. -r>>'^zL«aacox;i/— h:fe 

^S2 0^aitS0^>j-S^0^?T^P^^i, *?]3 0#*gS 
tcfS-::>c^:b^»SL<. L < i 0#*JiST 

mjMic^^^c tti^mf^iT&^o ^-^n^nti&mm 

<fi$^l 2 0#^ffiTfeSo 

[0 13 7] »^ LV^I|?afiaii(i. ^<O^^T^fiJT 

rtSBT^Jt 'j? X - / ?^S^t- ^ nIS6tt;b^fe ^^-9- 
1^1 Xx*y7'tCcfcoTJgfi)c^nfc:S}g;b^ll2X7" 

[0 13 8] ^.^n^mmmmit. ^ff^:;^^:/o-txo 
^Iffl^c-^v^T^>^-ro i5>Jx.tf. ^sg<5yi -4 ^o^n^n 

ti*^5 0 T o r r TUff^n^o LfcA^o T^-\' 

2 ti. X-r rP^T4?>:/JC J; t> a A L ^ fc ^igf ait" ^ 

^ ^ ^ n ^5 ^p^^^iPi^ -r ^ T-ti 

[0 13 9] ^^tc. :S^^n^SJ5g§l 2^cJ;ntf. H 

XtC«*&-r^Ci:tCcfc-:?T:/P-bX • '^^'>K'>^/£tf 
SCi:^^ ^tcpJtgtii-r^o j£:tfSnfcyD-trx • 
> K ^ o T. J: XS/^fc{tm^^m^jSi\^^^ 

mx*(om:Si9mi:i'^^m\zrji:^o fl?y5^W35::/o-feX • Ui/ 

X-r'y://)>'^;&^^>->^ji:/D-bX • :7o~(7)S-X-r 
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CO 1 4 0] sftgLfcft^atCcfcoTSts^nsciOcfc 
vfi^ggeo (1^2) Tosfc:;4^o«?stii:{±t*g^n^x 

^ X tc tiM^ § @^Ox;?^;b4^-gff Tb'^fe ;5 ^> 

V K JgrEtf 5 c i: ct o TtTt>tiS^?a43 J: tf #EE5a 
[0 14 1] ^ll«^?>. *^0^iDlEH:6>P>jafltt*rS<l 

[i^ 1 ] m^^^^m^mmKf^^^^ >/'^(ows&mmm 

[134 A] ■^^mcDif^Li^mmmmi^^^m&'^n^ 
[134 B] ^mMcoitf^Li^mmBmicj^K>m&'^n^ 
[0 5 A] ^mmm(Dtif^L\^^mmmmic^K>m^'^ 



[0 5 B] *^9^ogy<D5f $ i.\^^mmmic^om^'is 

• X^^;^^0«BSKffiI3T^^o 

[117] w^L\.^mmmmiz^:hm7mrji'i5^^(r>7.7'-j 

[0 8] <^f^Lt^||SSml^^:J:^^5^J5^W:S:7^}^^DXx*y 

mi 0] »^Ll/^^fi£mitcJ;Sfi?y3^W3S::^}SOX7^ 
[011] »^Li/^^SgmitCct;§firij^6<j;&7jj£OX7" 
[??^OSJs^] 
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